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(54) Arrangement for measuring condition of antenna in mobile telephone system 



(57) The invention relates to an arrangement for 
measuring the condition an antenna in a mobile tele- 
phone system. The arrangement comprises an antenna 
(1); a transmission line (2); a radio equipment (4) con- 
nected to the antenna via the transmission line (2) and 
belonging to the mobile telephone system, the radio 
equipment being, for example, a receiver, a transmitter 
or a transceiver; and a masthead amplifier (6) at that 
end section of the transmission line which is close to the 
antenna. The masthead amplifier, in turn, comprises a 
duplex filter (7), an RX branch (8), a TX branch (9). and 
an amplifier element In the RX branch. The arrangement 
further comprises means (15, 15a, 15b, 16) for measur- 
ing the standing wave ratio and for calculating its meas- 
uring value, and data processing means (20) connected 
w'rth the means (15, 15a, 15b, 16) measuring the stand- 
ing wave ratio and calculating the value. In the Invention, 
the means (1 5, 1 5a, 1 5b, 1 6) for measuring the standing 
wave ratio and for calculating the value are arranged to 
make the measurement and calculation within that end 
section of the transmission line which is close to the an- 
tenna. 
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Description 

The invention relates to an arrangement for nneas- 
uring the condition of an antenna in a mobile telephone 
system, the arrangement comprising an antenna; a s 
transmission line; a radio equipment connected to the 
antenna via the transmission line and belonging to the 
mobile telephone system, the radio equipment being, tor 
example, a receiver, a transmitter or a transceiver; and 
a masthead amplifier within that end section of the trans- io 
mission line which is close to the antenna, the amplifier 
comprising a duplex filter, an RX branch, a TX branch, 
and an amplifier element in the RX branch; and the ar- 
rangement further comprising means for measuring the 
standing wave ratio and for calculating its measuring 
value; and data processing means connected with the 
means measuring the standing wave ratio and calculat- 
ing its measuring value. 

The invention also relates to an arrangement for 
measuring the condition of an antenna in a mobile tele- 20 
phone system, the arrangement comprising an antenna; 
a transmission line; a radio equipment connected to the 
antenna via the transmission line and belonging to the 
mobile telephone system, the radio equipment being, for 
example, a receiver, a transmitter or a transceiver; and 2S 
means for measuring the standing wave ratio and for 
calculating its value; and data processing means con- 
nected with the means measuring the standing wave ra- 
tio and calculating its measuring value. 

In telecommunication systems, such as mobile tel- 30 
ephone systems of a cellular radio network, one essen- 
tial feature is the condition of the antenna. The condition 
of the antenna can be measured by measuring the 
standing wave ratio. The measuring of the standing 
wave ratio SWR or the voltage standing wave ratio 55 
VSWR indicates how well the antenna is electrically 
adapted to a radio equipment, such as a transmitter, re- 
ceiver or transceiver of a telecommunications system. 

In the measuring of the standing wave ratio the an- 
tenna generates a load to which a measuring transmis- 40 
sion used in the measuring operation is directed. The 
standing wave ratio means the ratio of the power reflect- 
ed from the antenna to the power input in the antenna. 
The standing wave ratio can be measured, for example, 
by using a directional coupler. 45 

The prior art solutions for monitoring the condition 
of the antennas, for example, in cellular radio networks 
are such that the standing wave ratio is measured at 
that end of the transmission line which Is close to the 
radio equipment, or base station, i.e. in the antenna line, ^0 
either inside the actual base station or in the coaxial con- 
nector of a long antenna cable extending to the antenna 
on the side of the base station. The known solutions con- 
tain many problems, for the measuring sensitivity is 
greatly impaired by the fact that the transmission line ss 
from the base station at the ground level is often rather 
long to the antenna situated high up the antenna mast. 
If the system is one in which the antenna mast compris- 



es a masthead amplifier that comprises a duplexer, it is 
extremely difficult to make a reliable measurement of 
the value of the standing wave ratio. 

Fl 92,259 teaches a measuring arrangement in 
which sannples are taken at the upper end of the trans- 
mission line, i.e. "up** the antenna line, and the samples 
are transferred via the transmission line "down" to the 
data processing means. The above problems, however, 
cannot be avoided by this solution, since the value of 
the standing wave ratio is calculated "down*, i.e. at the 
lower end of the transmission line, whereas "up", i.e. at 
that end of the transmission line which is close to the 
antenna, samples are only measured from the signal of 
the antenna line. Another problem of the solution is that 
a separate signal for measuring excitation transmitted 
at a different frequency has to be used, and the signal 
has to be converted back to the normal operating fre- 
quency for the duration of the measurement in connec- 
tion with the antenna. 

The object of the present invention is to provide a 
new type of arrangement in which the problems involved 
in the known solutions are avoided. 

The object is achieved with an arrangement accord- 
ing to the invention, which is characterized in that the 
means for measuring the standing wave ratio and cal- 
culating its measuring value are arranged to make the 
measurement and calculate the measuring value within 
that end section of the transmission line which is close 
to the antenna. 

Major advantages are achieved with the solution of 
the invention: in particular, the measuring sensitivity is 
greatly improved. As regards the equipment needed, 
the solution is also simple to implement, and it is fairly 
cost-effective. The solution is also structurally integrat- 
ed, for the standing wave ratio measurement and cal- 
culation can be integrated into the masthead amplifier, 
which precedes the actual antenna in the antenna mast. 
The high degree of integration makes the installation 
and servicing operations easier for the teleoperator, who 
operates the cellular network, to carry out. 

In the following the inventbn will be described in 
greater detail with reference to the attached drawings, 
in which 

fig. 1 shows a first preferred embodiment of the in- 
vention, and 

fig. 2 shows a second preferred embodiment of the 
invention. 

Fig. 1 shows an arrangement 1 for measuring the 
condition of an antenna in a mobile telephone system. 

The arrangement 1 comprises an antenna 2; a 
transmission line 3; a radio equipment 4 connected to 
the antenna 2 via the transmissbn line and belonging 
to the mobile telephone system, the radio equipment be- 
ing, for example, a receiver, a transmitter or a transceiv- 
er 4. Reference number 5 in fig. 1 indicates a base sta- 
tion 5 belonging to the mobile telephone system and 
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comprising the above-mentioned radio equipment 4, or, 
tor example, transceiver 4. 

The arrangement 1 for measuring the condition of 
the antenna also comprises a masthead amplifier 6 in 
the transmission line 3, either at that end of the trans- 
mission line which is close to the antenna or, in general, 
within that end section of the transmission line which is 
close to the antenna. The masthead amplifier 6 is there- 
fore here understood as belonging to the transmission 
line. In fig. 1 the masthead amplifier is the last part of 
the transmission line. There may even be a cable sec- 
tion between the antenna and the masthead amplifier 

The masthead amplifier 6 comprises a duplexer fil- 
ter 7, an RX branch 8, a TX branch 9. and an amplifier 
element 10 in the RX branch. In the preferred embodi- 
ment of fig. 1 , the masthead amplifier 6 also comprises 
a second duplexer filter 1 1 in addition to the above-men- 
tioned duplexer filter 7. The RX branch 8, TX branch 9 
and the amplifier element 10 amplifying the RX branch 
8 are'between the duplexer filters 7 and 11 . A received 
uplink signal, i.e. a signal transmitted from a mobile 
phone to a base station; is amplified in a manner known 
per se by means of the signal-amplifying amplifier ele- 
ment of the RX branch. 

When fig. 1 is studied in the directran from the an- 
tenna 2 toward the radio equipment 4, duplexer filter 7 
functions as a dividing filter forming the RX and TX 
branches B and 9, and the second duplexer filter 11 func- 
tions as a filter that combines the TX branch and the 
amplified RX branch. In the reverse direction, i.e. toward 
the antenna 2, the situation is naturally reverse: filter 11 
can be thought to be a dividing filter, and filter 7 can be 
thought to be a combining filter. 

The solution does not necessarily comprise the sec- 
ond filter, i.e. in the direction toward the radio equipment 
the filter 1 1 that can be thought of as a combining filter 
can be lacking. The use of the combining filter 11 , how- 
ever, simplifies the cabling, since two transmission lines 
are not needed in the direction from the masthead am- 
plifier downward to the transceiver of the cellular net- 
work. 

In addition, the arrangement 1 for measuring the 
condition of the antenna comprises means 15, 16 for 
measuring the standing wave ratio and for calculating 
the measuring value, and data processing means 20 
connected with the means 15. 16 measuring the stand- 
ing wave ratio and calculating its value. 

The data processing means 20 receive a measuring 
value from the means 15, 16 measuring the standing 
wave ratio and calculating its value, and from the meas- 
ured SWR or VSWR value the data processing unit 20 
concludes whether the standing wave ratio is too high. 
The data processing unit 20 comprises an alarm output 

21 from which an alarm is outputted. The unit can also 
comprise other alarm outputs, such as an alarm output 

22 which announces whether or not the amplifier of the 
RX branch is in working order. 

Preferably the data processing means 20 connect- 



ed with the means 1 5, 1 6 measuring the standing wave 
ratio SWR. VSWR and calculating its measuring value 
are a separate part externa! of the masthead amplifier 
6. located far from the masthead amplifier 6 and close 

5 to the radio equipment 4. 

If the standing wave ratio SWR, VSWR is too high, 
then most of the power reflects back from the antenna. 
The Applicant has observed that the VSWR has to be 
lower than 1 .5. If the ratio is higher than 1 .5. then there 

10 is something wrong with the impedance adaptation be- 
tween the antenna and the rest of the system, or they 
can also be something else wrong with the antenna. 

It is essential to the invention that the means 15, 16 
for measuring the standing wave ratio SWR, VSWR and 

IS tor calculating the measuring value are arranged to 
make the measurement and calculation within that end 
section of the transmission line 3 which is close to the 
antenna 

There can also be a cable section, i.e. a length of a 
20 transmission line, between the antenna 2 and the mast- 
head amplifier 6, but even then the standing wave ratio 
is measured within the end section of the actual trans- 
mission line. 

In the preferred embodiment of fig. 1 , the solution 

25 is such that the means 15, 16formeasuringthe standing 
wave ratio SWR, VSWR and for calculating the meas- 
uring value are arranged to make the measurement and 
calculation at a point between duplex filter 7 and the an- 
tenna 2, at that end of the transmission line 3 which is 

30 close to the antenna. In the pref enred embodiment of fig. 
1 , the solution is such that the means for measuring the 
standing wave ratio are arranged to make the measure- 
ment inside the masthead amplifier at the point between 
the duplex filter and the antenna, at that end of the trans- 

35 mission line 3 which is close to the antenna, whereby 
the solution provkjes a compact entity with a high de- 
gree of integration, since the measuring means and cal- 
culation means 15, 16 measuring the standing wave ra- 
tio are then an integral part of the masthead amplifier. 

40 In any case, the means 1 5, 1 6 for measuring the stand- 
ing wave ratio and for calculating the value are arranged 
in connection with or in the immediate vicinity of the 
masthead amplifier 6, but preferably they are an integral 
part of the masthead amplifier 6. 

45 The measuring and calculation means 15, 16 are 
most preferably implemented, for example, as a meas- 
uring means 15, 15a, 15b of a directional coupler type 
and as a calculation unit 16. 

When the standing wave ratio is measured, as a sig- 

50 nal for measuring excitation is used a normal signal ob- 
tained from the radio equipment 4, i.e. for example from 
the transmitter 4 of the base station 5 or some other nor- 
mal signal even otherwise involved in the operation of 
the mobile telephone system. 

55 As the standing wave ratio is measured, the SWR 
measuring means 15, i.e. directional couplers 15a, 15b, 
are coupled at coupling point 30 to the transmission line 
3 at the end section of the line, preferably without a gal- 
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vanic coupling. The example of fig. 1 illustrates a situa- 
tion where the measuring means are coupled to the end 
of the transmission line, for the masthead amplifier 
forms the extreme parts of the transmission line 3 be- 
tween the antenna 2 and the radio equipment 4 (e.g. 
base station transceiver). 

The measuring means 15 comprise a first part 15a 
for measuring the power reflected from the antenna, and 
a second part 15b for measuring the power inputted in 
the antenna. From the measuring means 15 are output- 
ted two signals in an auxiliary coupling line 35. In some 
embodiments it is also possible to use a one-part direc- 
tional coupler, but the Applicant has observed that the 
above-described two-part coupler is better. On the basis 
of the measurements made by the measuring means 1 5 
the calculation unit 1 6 calculates the value of the stand- 
ing wave ratio. 

In a preferred embodiment of the invention, the ar- 
rangement, preferably a masthead amplifier 6 compris- 
es a measuring amplifier 40 connected with the means 
15 measuring the standing wave ratio. Through the 
measuring amplifier the measuring data can be trans- 
ferred toward the data processing means 20. 

When the measuring amplifier 40 is implemented 
as a part of the masthead amplifier 6, an even higher 
degree of integration is achieved, and it is also ensured 
that the signal strength is maintained sufficiently high so 
that the data processing unit 20 at the other end of the 
transmission line, even a long cable-distance away can 
detect an amplified measuring signal. 

The arrangement also comprises a coupling. point 
50. According to a preferred embodiment of the inven- 
tion the arrangement is such that the measuring infor- 
mation on the standing wave ratio, i.e. in practice the 
output of the measuring amplifier 40, Is fed to the trans- 
mission line at the coupling point 50 of the arrangement 
so as to transfer the measuring information to the data 
processing means particularly along the transmission 
line concerned. 

The coupling point 50 is preferably inside the mast- 
head amplifier 6. so in the preferred embodiment illus- 
trated in fig. 1 . the arrangement is such that the meas- 
uring information on the standing wave ratio is fed to the 
transmission line at the coupling point of the masthead 
amplifier so as to transfer the measuring information to 
the data processing means along the transmission line. 
The solution further improves the degree of integration. 

Fig. 1 shows that the coupling point 50 tor feeding 
the measuring information to the transmission line is 
connected with that output/input of the second duplex 
filter which is connected with the data processing unit 
20 and either directly or through the unit to the radio 
equipment 4. 

Reverting now to matters concerning the coupling 
point 50 and the measuring amplifier 40. the arrange- 
ment is preferably such that the masthead amplifier 6 
comprises a measuring amplifier connected with the 
means 15 measuring the standing wave ratio SWR, 



VSWR. The measuring information can be fed to the 
transmission line 3 through the amplifier at the coupling 
point 50, and forwarded to the data processing means 
20 and through them, or directly, to the radio equipment 
4. 

Fig. 2 illustrates a second preferred embodiment of 
the invention. In fig. 2. no masthead amplifier is used. 
The arrangement of fig. 2, like the one of fig. 1. is an 
arrangement for measuring the condition of an antenna 
in a mobile telephone system. The arrangement 1 * com- 
prises an antenna 2'; a transmission line 3'; a radio 
equipment 4' connected to the antenna via the transmis- 
sion line 3' and belonging to the mobile telephone sys- 
tem, the radio equipment being, for example, a receiver, 
a transmitter or transceiver; and means 15M6' for 
measuring the standing wave ratio and calculating the 
value. The arrangement V further comprises data 
processing means 20' connected with the means 15', 
1 6' measuring the standing wave ratio SWR, VSWR and 
calculating Its value. 

The essential feature in the arrangement of fig. 2 is 
that the means 1 5', 1 6' for measuring the standing wave 
ratio and for calculating its value are arranged to make 
the measurement and calculation at that end of the 
transmission line 3* which is close to the antenna. The 
arrangement of fig. 2, like the one of fig. 1 , comprises a 
measuring amplifier 40' connected with the means 15' 
measuring the standing wave ratio; the measuring infor- 
mation, i.e. the measuring result or measuring value ob- 
tained from the calculation means 16', being transfera- 
ble through the measuring amplifier toward data 
processing means 20', preferably via the transmission 
line 3' itself through the coupling point between the 
measuring amplifier and the transmission line. Similarly 
as in fig. 1 , the solution of fig. 2 is such that the meas- 
uring value of the standing wave ratio is fed to the trans- 
mission line 3' at the coupling point 50' of the arrange- 
ment so as to transfer the measuring value or result to 
the data processing means, particularly along the trans- 
mission line concerned. No separate additional cabling 
is then needed to supply the SWR measuring infornna- 
tion to the data processing means 20'. 

Although the invention is described above with ref- 
erence to the examples illustrated in the attached draw- 
ings, the invention is not to be construed as being limited 
to them but can be varied in many ways without deviat- 
ing from the inventive idea disclosed in the attached 
claims. 



Claims 

1. An arrangement for measuring the condition of an 
antenna in a mobile telephone system, the arrange- 
rs ment comprising an antenna (1 ); a transmission line 
(2); a radio equipment (4) connected to the antenna 
via the transmission line (2) and belonging to the 
mobile telephone system, the radio equipment (4) 
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being, for example, a receiver, a transmitter or a 
transceiver; and a masthead amplifier (6) at that 
end section of the transmission line (3) which is 
close to the antenna, the masthead amplifier com- 
prising a duplex filter (7). an RX branch (8), a TX 
branch (9), and an amplifier element (10) in the RX 
branch; and the arrangement further comprising 
means (15, 15a, 15b, (16) for measuring the stand- 
ing wave ratio and for calculating its measuring val- 
ue; and data processing means (20) connected with 
the means (15, 15a, 15b, 16) measuring the stand- 
ing wave ratio and calculating Its measuring value, 
characterized in that the means (1 5, 1 5a, 1 5b, 1 6) 
tor measuring the standing wave ratio and for cal- 
culating its measuring value are arranged to make 
the measurement and calculate the measuring val- 
ue within that end section of the transmission line 
which is close to the antenna. 

2. An arrangement according to claim 1 , character- 
ized in that the means (15, 15a, 15b, 16) for meas- 
uring the standing wave ratio and for calculating Its 
value are arranged to make the measurement at a 
point between the duplex filter (7) and the antenna, 
(2) at that end of the transmission line which is close 
to the antenna. 



in addition to the above-mentioned duplex filter (7). 
and that the RX branch (8), the TX branch (9) and 
the amplifier element (10) amplifying the RX branch 
are between the duplex filters (7, 11). 

5 

7. An arrangement according to claims 4 and 6, char- 
acterized in that to feed the calculated measuring 
value to the transmission line (3), said coupling 
point (50) is connected with that output/input (100) 

10 of said second duplex filter (11) which is connected 
to the radio equipment (4) via the transmission line 
(3). 

8. An arrangement according to claim 6, charactor- 
is ized in that, in the direction from the antenna (2) to 

the radio equipment (4), said duplex filter functions 
as a dividing filter (7). which forms the RX and TX 
branches, and said second duplex filter (11) func- 
tions as a filter combining the TX branch (9) and the 
20 amplified RX branch. 

9. An arrangement according to claim 1 , character- 
ized In that the masthead amplifier (6) comprises a 
measuring amplifier (40) connected with the means 

2S (15, 15a, 15b, 16) measuring the standing wave ra- 
tio and calculating its measuring value. 



3. An arrangement according to claim 2, character- 
ized In that the means (15, 15a, 15b, 16) for meas- 
uring the standing wave ratio and for calculating its 
value are arranged to make the measurement at or, 
preferably, inside the masthead amplifier (6) at the 
point between the duplex filter (7) and the antenna 

(2) at that end of the transmission line which is close 
to the antenna, the means (15, 15a. 15b, 16) meas- 
uring the standing wave ratio and calculating its val- 
ue thus being part of or closely connected with the 
masthead amplifier. 

4. An arrangement according to claim 1 , character- 
ized In that the calculated measuring value of the 
standing wave ratio is fed to the transmission line 

(3) at a coupling point (50) of the arrangement so 
as to transfer the calculated measuring value to da- 
ta processing means (20), particularly along said 
transmission tine (3). 

5. An arrangement according to claim 1 , character- 
ized In that the calculated measuring value of the 
standing wave ratio is fed to the transmission line 
(3) at the coupling point (50) contained in the mast- 
head amplifier (6) of the arrangement so as to trans- 
fer the measuring value to the data processing 
means (20) along the transmissbn line (3). 

6. An arrangement according to claim 1 , character- 
ized in that the masthead amplifier (6), in a manner 
known per se, comprises a second duplex filter (1 1 ) 



10. An arrangement according to claim 4, character- 
ized in that the masthead amplifier comprises a 

30 measuring amplifier (40) connected with the means 
(15, 15a, 15b, 16) measuring the standing wave ra- 
tio and calculating its measuring value, the meas- 
uring value being transferable at said coupling point 
(50) to the transmission line (3) and further to the 
35 data processing means (20). 

11. An arrangement according to claim 1, character- 
ized in that the data processing means (20) con- 
nected with the means (1 5, 1 5a, 1 5b, 1 6) measuring 

40 the standing wave ratio and calculating its measur- 
ing value are a separate part external of the mast- 
head amplifier (6), far from the masthead amplifier 
and close to the radio equipment (4). 

45 12. An arrangement for measuring the condition of an 
antenna In a mobile telephone system, the arrange- 
ment comprising an antenna (2'); a transmission 
line (3'); a radio equipment (4') connected to the an- 
tenna via the transmission line aid belonging to the 
50 mobile telephone system, the radio equipment be- 
ing, for example, a receiver, a transmitter or a trans- 
ceiver; and means (15*, 16') for measuring the 
standing wave ratio and for calculating Its measur- 
ing value; and data processing means (20*) con- 
55 nected with the means measuring the standing 
wave ratio and calculating Its measuring value, 

characterized in that the means (15*. 16') for 
measuring the standing wave ratio and calculating 
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its measuring value are arranged to make the processing means (20). 

measurement and calculate the measuring value 
within that end section of the transmission line that 
is close to the antenna. 

5 

13. An arrangement according to claim 12, character- 
ized in that the calculated measuring value of the 
standing wave ratio is fed to the transmission line 
(3') at the coupling point (50*) of the arrangement 

so as to transfer the calculated measuring value to io 
the data processing means (20'), particularly along 
said transmission line (3*). 

14. An arrangement according to claim 1. character- 
ized in that the arrangement comprises a measur- is 
ing amplifier (40') connected with the means (15', 
16') measuring the standing wave ratio and calcu- 
lating its measuring value, the measuring value be- 
ing transferable toward the data processing means 
(20'), preferably via the transmission line (3') itself 20 
through the coupling point (50') between the meas- 
uring amplifier (40*) and the transmission line (3'). 

15. An arrangement according to claim 1 or 12, char- 
acter- ized in that the mobile telephone system is 2S 
a cellular radio network. 

16. An arrangement according to claim 1 or 12. char- 
acterized in that the radio equipment (4) is a trans- 
mitter, a receiver or a transceiver of a base station 30 
in the mobile telephone system. 

17. An arrangement according to claim 1 or 12, char- 
acterized in that the means (15, 15a, 15b, 16) for 
measuring the standing wave ratio and for calculat- 3S 
ing its value are arranged to make the measure- 
ment and to calculate the value at or slightly before 
the end of that section of the transmission line which 

is close to the antenna. 

40 

18. An arrangement according to claim 1 or 12, char- 
acterized In that the means for measuring the 
standing wave ratio and for cabulating its value are 
arranged to make the measurement and calculation 
from the ratio of the power reflected from the anten- 
na to the power inputted in the antenna. 

19. An arrangement according to claim 1 or 12, char- 
acterized in that as a signal for measuring excrta- 
tion is used a normal transmission signal or some so 
other signal that is even otherwise involved in the 
operation of the mobile telephone system and Is ob- 
tained from the radio equipment (4), 

20. An arrangement according to claim 1 or 12, char- ss 
acterlzed in that in the arrangement the calculated 
measuring value indicating the standing wave ratio 

is supplied via the transmission line to the data 
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